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A Study on Performance and Maintenance Standards of
Mooring bollards

Yu YongUng

Department of Coast Guards Studies

Graduate School of Korea Maritime University

Abstract

A purpose of this paper is to contribute on setting a maintenance
management standard to secure a mooring stability, to utilize on a
performance evaluation of bollard by providing inspection method drawing a
period of evaluation performance and inspection for maintaining
performance, to develop methods and means of performance maintenance
of bollard through result on performance analysis and inspection analysis on
current bollard technology, understanding the effects of bollard on securing

mooring safety.

An analysis on a technological standard of a bollard includes the a
research analyzing the damaged case of a bollard in operation installed in
the past, evaluating the capacity of strength depending on the standards of
new bollard installation for performance maintenance according to pulling
capacity or draft force. It also includes a research analyzing the inspection

standard for performance maintenance of a bollard according to

_iX_
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EUTOTECH BENELLUX Company, the bollard manufacturer and the
inspection standard provided by OCIMF, Japan, Korea and lastly, the
standard of installation of existing bollards in Korea, Japan, and United

Kingdom.

To provide the maintenance management standards, the thesis states the
evaluation of a stress and strength of bollards. The inspection of a stress
on bollards is carried out on a horizontal force in accordance with pulling
capacity, a bending stress by normal force, and shear stress, suggesting the
thickness reaching limited vyield strength on each applied stress. The
thickeness may be utilized as a reference to establish a way of
maintenance management and performance evaluation. Through the analysis
on a damage of steel thickness to a thickness reaching a yield strength, a

longevity of a bollard is examined.

Damage on thickness happens due to corrosion on quality of a material
and an abrasion on a mooring cable. A corrosion on quality of a material
of a bollard is expected through the corrosion by seawater on carbon and
to calculate the abrasion on a mooring cable, measurement result of
installed bollard in operation is compared. Through the result of thickness
measurement, an annual maximum damage on thickness is evaluated, an
abrasion on a mooring cable is calculated by comparing with a corrosion by
seawater, proposing the expected damage on thickness to predict a

longevity of a bollard.

By the expected damage on thickness, an evaluation is made on damage
on thickness in accordance with elapsed time and a longevity of a bollard
is expected through the time on reaching a yield strength thickness. Also,
an appropriateness of a bollard safety limitation standard is reviewed
through the evaluation of maximum pulling force or draft force depending

on the damaged thickness.

Collection @ kmou



This thesis is proposed that the measurement of performance evaluation
and the measurement of safety inspection based on a longevity of a
bollard. With regard to such measurements, it also suggests the way of

maintenance management per item.

A standard of maintenance management and performance evaluation on
bollards will continuously be enhanced through consistent research and
analysis, and the results of such research and analysis is anticipated to be

utilized on performing an efficient safety management in port.

KEY WORDS: Mooring post, Bollard, Thickness, corrosion, Maintenance Management
Stardards, mooring safety
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o AT s AAH ], AR Ag 2o B7ol Y o] M AL

Ill'h.I

Fig. 6 Bollard (Subic) Fig. 7 Bollard (Singapore)
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Fig. 8& #el® mpdeto] MA9 AxFolu, Fig. 9& WEY ez 4
2 AMol: 159 Au} ARE A% HFPEe] AxFolt

Fig. 8 Bollard (Manila) Fig. 9 Bollard (Nha Trang)
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221 5 AAdF AA 2 AR 7E

T ANF AH AES AGFAR HAVZAA F1EH o] om AsH
MM AR Ao 15-2 AMFE ANGNA WS} Fxo] Tiste] A AT
A3, A2W BAZRA 2-2-7 AMF g PolA Hute] Fmw ARF
of Zgstt AW FHSL Yok [2] = AMF FFol vlste] HF9)
AZ2 Urol AT glor, AFE AN Aue % AMFE ZF
Aol Auke ARSI AT HY FE B2

o2RH WolAA HAXEI, TFE FY oY o] By
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Table 1 Standard values of tractive forces by ship® G/T

Hupe] FES 250l 2§ b F3o] At
[GIT, €] 7415 KN, {ti] A5 [KN,{ti]
200 ~ 500 150 {15} 150 {15}
500 ~ 1,000 250 {25} 250 {25}

1,000 ~ 2,000 350 {35} 250 {25}

2,000 ~ 3,000 350 {35} 350 {35}

3,000 ~ 5,000 500 {50} 350 {35}

5,000 ~ 10,000 700 {70} 500 {50}

10,000 ~ 20,000 1,000 {100} 700 {70}

20,000 ~ 50,000 1,500 {150} 1,000 {100}

50,000 ~ 100,000 2,000 {200} 1,000 {100}

100,000 ~ 150,000 2,000 {200} 1,500 {150}
150,000 ~ 200,000 2,500 {250} 1,500 {150}
200,000 ~ 250,000 2,500 {250} 2,000 {200}
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V. = ¥ Tractive forces V. = Tractive forces

Vi = Tractive forces Vi = Tractive forces

Z1&F 200G/T 01‘3}94 23 AJdEE A 7, AR, AFALe] T
+ 200G/T o]s&}e]
< 150kN(15t), =<l 2F&3t= A5 2 50kNGL)

MrE AASL AT

Table 2 Minimum number and maximum spacing of bollards at berth

Hute] FES 250] 144 g

[GIT, €] 2 o244 (m) A A B AR
~ 2,000 10 ~ 15 4
2,000 ~ 5,000 15 5
5,000 ~ 20,000 20 11
20,000 ~ 50,000 20 16
50,000 ~ 100,000 20 20
100,000 ~ 150,000 22 21
150,000 ~ 200,000 22 22
200,000 ~ 250,000 22 23

o -
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Fig. 11 Typical arrangements of mooring post(right angle)
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. I % T2 KS D 3710(8+ 4%
GAEF)CE 1—%74 0}"7 al, KS D 3710(&+4A% ©73F) SF340A, SF390A,
SF440A, SF490A, SF540A, SF590A¢] T /= ER/Eth. [3]

FRAARJ]D AT T2l theto] Adute] HAHF ALF 274d< Table 39

to] Axsta ot

m\l

Table 3 Relationship between tractive force and diameter of bollard

71E A 7dm) | 15 | 20 | 25 | 30 | 35 | 40 | 45 | 50 | 55 | 60 | 65
AAHH WO 5 10 | 20 | 35 | 50 | 70 | 100 | 120 | 150 | 200 | 20

Gzl Adsts ANE A2, FFe] 7t 2
F(Bollard)= D = 2.0B, E=2.0B, H=1.0B, G=1.0B, t=0.1B ¢} #omr =

Post)= D = 1.5B, H=1.2B, G=0.5B, t=0.1B¢} 2t} 2| #A| thigt 2t Fd
Fig. 139} 14¢} 2t}

(Mooring

+N

‘ D
|
C 1D
AT
B

Fig. 13 Shape and dimension of bollard
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B

Fig. 14 Shape and dimension of mooring post

222 =8 AQAF AA 4 AR 7E

oo AdF AArIEd dEdse] A J1E 4], = 7% 6], AdF A
Z3 Al Trellerborge] AAAHS HAEsIeH [6, =W 7I&d & ¥
=43kt

2221 & AAXAF AA 7 4A 7+

=

El

AN THE DB LORKUE - [WESi2007), A ALdFE E

FRrA el thste] HA ZlEe rAskaL . [4]

AT ZFo] wjo] B 725 AAY} Lo il
o iate] 2218 T A 712 Table 29 MjA 71 &7} LA 55Fo
2 AN g3 oy FESF 107 EL 293t

il
kA 3 Ao AT AdSF A5 wjF el diste = 27
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o] AlAIQt Fig. 11, 129} FdskAl 259k Adutke] ARt Z44=7F 90° , 45° <

2.2.2.2 9= 9 Trelleborg AA - AX 7|& 9 WHd
Pl = BS 6349014 FNE @ FH3 JE AEE et 83

[5], L & Part 4. Code of practice for design of fendering and mooring
systems) oA} Table 4%} Zo] AT A& AHUAHS AdHbe
displacementE 7]|Fo 2 THAZ A A5t ATh

Table 4 Standard values of tractive forces by ship’ displacement

ship’s displacement [t] tractive forces [t]

~ 2,000 10

2,000 ~ 10,000 30
10,000 ~ 20,000 60
20,000 ~ 50,000 80
50,000 ~ 100,000 100
100,000 ~ 200,000 150
200,000 ~ 200

AT A D Fejol thste] M-S F7A(Cast iron), T7+E(Cast steel)
2 fAste dow, AXFY FHE v 283 o] Pillar, Tee head,
Sloping lobed] FElE U0l EHF3ta At

Tee heads Z3ob §A@ AMFZ 159 Muto] ARSE A AR
o 7 Fe= 2%
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AEE HX|slojof Ity FASH, =% Z4F, AxHF T A8 Fao] 43
A e dxzd Ajdgo] ATy ARl AeEE A ) Je 4%
AJHo FrA oz 25% ol §FS VIAERE Atsta oy #HE A
T 74 S g FAg 7lES vt-Eskal A ok

A

Fig. 15 Pillar Type Fig. 16 Tee head Type Fig. 17 Sloping lobe Type

F7tA o2 AMF A ZAS] Trelleborgoll Al A&eta = AANF Ax B4
7 de B35t} Trelleborg Al= 2¢dle 7|¥to 2 BRITISH STANDARD
¢} PIANSO] 7]&+& wigto g 3wtk 9 Terminale] WA, AXF &

and Mooring system} 3} An] @ Mure] gystemy} BEI AZES Y4k L

FAHEEE A8t SAboIt

O F AdFE I ZIee mRez AA AMES AL e, oA

Table 49} =72 BS 634904 #|Qtsl= Aube]l Algy U3 ARl
Nsta 9ot F7rAH o2 Trelleborge] AFoAE AXF AL Ao wet
oz7o] ddEE A 79 T FUHHORE 25% ol £FS VA=

= Agksta Ao

AXFe vz} BeEdte] BS 63499 A= Al F2re] wix| e} 2tz tste] A)
obala glom, A=Al Trelleborg Abell A= BS 634904 A AIS AFA el f
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x| e} Ao Z|Est] AlXAFE M AEESE AQksta o). Fig. 18¢} Table 5
BS 63493} Trelleborgoll A Atst= AlFA2] wjx]7]Fo]th,

Bollards FOFWaI(d breast
After_breast Sl .
line lines
Stern line Hend line

Fig. 18 Typical mooring patterns of BS 6349 and Trelleborg’” manuel

Table 5 Angel and arrangement of mooring line

Head & stern lines 45° + 15°
Breast lines 90° + 30°
Spring lines 5° ~ 10°

Vertical line angle (a) < 30°
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Table 7 Inspection regulations (Special act on Safety safety control of public

structures)
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Table 9 Inspection regulations (Marine environment management act)
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Table 10 Type of safety inspection
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Table 11 Target range of safety check and safety inspection
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Table 12 Inspection regulations (inspection guidelines for port facilities)
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Table 13 Safety rating of the facility (guidelines for maintenance planning of
port facilities)
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Table 14 Inspection frequency of bollard (OCIMF)
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Table 15 EUTOTECH BENELUX COMPANY” inspection frequency of bollards
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Table 16 External force on mooring analysis
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Fig. 19 Mooring analysis OPTIMOOR SW (Example)
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Table 17 Maximum tractive force acting on bollard (4,000ton)
Bollard A B C D
(t] (t] [t] (t] (t]
35 5.8 6.1 6.5 10.2

3.1.2 5,000 GIT A4 AFAHAH B7}

K 7hxBTe] 2E4 50002F LPG &ubdel tiste] ¥zaA 2<% 22m)s,
F 05m/s, oo 1.0 ~ 2.0me] AFAAA Hrt A Table 185 go] =
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2 2450eH, Ao 269+

Table 18 Maximum tractive force acting on bollard (5,000ton)
Bollard A B C D E F

[t] (t] [t] (t] [t] (t] [t]

Case 1 35 151 | 199 | 166 | 152 | 175 | 13.8

Case 2 35 169 | 269 | 166 | 153 | 245 | 174

3.1.3 7,000 GIT A4 AFAHAH B7}

stede] FEF 7,000EF AAdEe teky fg=d F<E 20m)s,

=7
0.1mfs, §ol5h3 0.5me] AFRLAY Hrh A Table 195 @o] e AxF
A ANF AAY 7% S0E olshE BAFoH, A 1ECE 3§ &

Z9] 75%0°]3t= 7= Ak

Table 19 Maximum tractive force acting on bollard (7,000ton)
Bollard A B C D E F

[t] (t] [t] (t] [t] (t] [t]

50 364 | 314 | 04 | 371 | 344 | 178

3.1.4 8,000 GIT A4 AFAHAH B7}

SK 7f2H-Fo] FES 8,0008F LCPwkAe] diste] <89z F45 22m/s,

Z% 0.5m/s, §oatx 1.0 ~ 2.0me AFeHAAR H7F A3 Table 203 #Zo] =

E ANFIA AxFe) AUAY F1F BHE ol BAHAOM, Ao 204F
34 shEel 59%olshz H7he Uk

il
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Table 20 Maximum tractive force acting on bollard (8,000ton)

Bollard A B C D E F

[t] [t] [t] [t] [t] [t] [t]
Case 1 35 12.8 11.7 14.8 13.0 114 15.1
Case 2 35 16.0 17.6 15.7 14.8 | 204 | 20.3

3.1.5 9,000 G/IT A8} AR/LAAE H7}
S-oil 2F-F¢ FEF 90007
22m/s, =% 0.5m/s, &3
ol BE AdFAA AT

262E° 2 38 359 53%0]5kE

Table 21 Maximum tractive force acting on bollard (9,000ton)

Bollard A B C D E F

[t] [t] [t] [t] [t] [t] [t]
Case 1 50 176 | 16.7 | 23.5 | 187 | 17,5 | 13.8
Case 2 50 21.3 | 183 | 243 | 262 | 245 | 174

AHE H7t

A@E LUt o

1o

3.1.6 25,000 G/T A8} A+

SK 3F-F9 FEF 25,000 S| 55 I =]
30m/s, ZF7F 0.2m/s, &<l3tar 1.0 ~ 1.5me] AF 37} A3} Table

2ol BE AdFA AdFe HA™ 71F 100E olstz EAHAH,

435802 38 359 44%0)5t= HrE AT

i

O]

o,

orz

Table 22 Maximum tractive force acting on bollard (25,000ton)
A B C D E F

(t] [t] (t] [t] (t] [t]
429 | 344 | 26.9 | 40.6 | 41.8

Bollard

[t]
100 43.5
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3.1.7 50,000 G/T A4t ARLAAL H7}

Zgs oAgARTFol FESL 50,0005
l4m/s, 2%/ : 0.1m/s, Fo]9tx 0.5me] AR
TE AXFNA AXF A 71F 100E o]

=02 §& stFY 22%°l3t= HIIE AT

H Aol diste] ¥z F& o
A4 7 A3t Table 237 2o
st wA=Eglen, Ao 211

O]

Table 23 Maximum tractive force acting on bollard (50,000ton)
A B C D E F G H

(t] (t] (t] (t] (t] (t]
21.1 | 193

Bollard
[t] (t] [t]
100 18.0 | 14.3 | 18.0 | 11.5 | 11.0 | 17.7

3.1.8 65,000 G/T A4} AFUAFAAL H7}
| oisted Llg=x
A 7 A3} Table

f-o] 331 1. . TR A

F& 22m/fs, ZF 0.5m/s, 9= 1.0 ~ 2.0m<& A
249} Zro] mE Al FoA AT AHRIYH 7]FE 100E o]3t=2 B4 = o,
HY 99.6EF° 2 58 sl olstE HIIH AT

Table 24 Maximum tractive force acting on bollard (65,000ton)

Bollard A B C D E F
[t] (t] (t] (t] (t] (t] (t]

Case 1 100 36.1 | 743 | 27.0 | 239 | 57.6 | 476
Case 2 100 38.7 | 979 | 356 | 25.1 | 99.6 | 66.9

3.1.9 100,000 G/IT Adx} AFAAL H7}

FL AZAE stYFEFY FESF 100,000E7 HaMdre] tiste] €=

Z 4 30m/s, F 1.3m/s, 931 1.5me AFeHAAd H7 A3 Table 259
2ol BE AFAA AdFTY AAd™E 71FE 1008 olstE2 FA4FeH, H
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2L1EC 2 34 d%9 22%°l5t=2 H7lH ATk

Table 25 Maximum tractive force acting on mooring Post (100,000ton)
Bollard A B C D E F

(t] [t] (t] (t] (t] (t] (t]
100 31.4 21.6 21.7 54.4 23.5 22.1

3.1.10 150,000 G/T A8} AFAHAL H7}

AHY CLX 38F9o FEF 150,0008F FR=vtddted giste 8= F
30m/s, ZF 1.5m/s, Fo|33 2.0me] AFMIAAL B7F A3 Table 267 2
e AAFAA AdF AAFE A 71+ 2008 ©lstE EAEHASH
Ao 1973222 3§ 35 olst®E H7IH AT

o B

i

Table 26 Maximum tractive force acting on mooring Post (150,000ton)
Bollard A B g D E F

[t] [t] [t] [t] [t] t] t]
200 1917 84.5 38.1 20.7 59.7 197.3

3111 AFAAAL ¥t AE 234

el 7] $AEAR 740 FREGAADONA SAH 87 BF, 107) A
Mol ARAAA Bk A3}, Table 275} o] AMFo| At AAYe P
NYnT o3z HrhEUom, 2 BEE AdF AgsE 74
Wv] Ao Ao B 57.1%2 BAHYT

A4 oH Ao A A R
o1t GT 65,000 150,000 4 4 thr] 99%¢] H<lgo
RRY B s A FA A1Fe) A

oA Hrstgon, g4 s1Eae A
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Table 27 Maximum tractive force acting on Bollard

A | A

Ship | Bollard - - A B C D E F G | H
[GIT] [t] 0 o 1 A o R I R R A R

HF) | (FF

AN
AN

4,000 35 50 35 5.8 | 6.1 | 6.5 |10.2

35 50 35 151 | 19.9 | 16.6 | 15.2 | 17.5 | 13.8

5,000
35 50 35 16.9 | 26.9 | 16.6 | 15.3 | 24.5 174

7,000 50 70 50 | 364 (314 04 | 371|344 178

50 70 50 12.8 | 11.7 | 14.8 | 13.0 | 114 | 15.1

8,000
50 70 50 16.0 | 17.6 | 15.7 | 14.8 | 20.4 | 20.3

50 70 50 17.6 | 16.7 | 235 18.7 | 17.5| 13.8

9,000
50 70 o0 | 213 | 183|243 | 262|245 | 174

25,000 | 100 150 100 | 43.5 | 4291344 269 | 40.6 | 41.8

50,000 | 100 150 100 | 18.0 {14.3 118.0 | 11.5| 11.0 | 17.7 | 21.1 | 19.3

100 200 100 | 36.1 | 74.3 | 27.0| 23.9 | 57.6 | 47.6
65,000

100 200 100 | 38.7 1 97.9 | 35.6 | 25.1| 99.6 | 66.9

100,000 | 100 200 100 | 314 | 21.6 | 21.7 | 54.4 | 23,5 | 22.1

150,000 | 200 200 150 | 191.7 | 84.5 | 38.1| 20.7 | 59.7 | 197.3
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32 AXAF &3 A 4
AN Hrh Ay B weh Ful v AFE AXHE ANF
o Axe FH/Fe] AX7E AFeA AANHD Yoy BA HX =] @
A e T ANTNA £ 8 e Aash Baska gl
A S [26], L4 AL AHE 2AEE O
[1], e = AMF &4 2 s Abdoloh

Fig. 205 AAFe %40 AstA AW A= X F Az Aol o}
g 7], s Sol % A9 B3 AR 5 ANF Aol g 20| 4
Qo EMHI Fig. 21 - 22 AMFY e AR R 9T 34 wE
WA BPoE AT Fig. 2Be ANF B A A F 24 o 9

T EL mE A AR I} A= FFOo =2 HIHET

ol ,.!J —f ‘,.-l -”.'I

Fig. 20 Case of damaged bollard by corrosion
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Fig. 22 Case of damaged bollard by fracture
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Fig. 23 Case of damaged bollard by broken

ARG M) AL o 2014 4+ Bate] AwnolA Aubo] <k
Z ARAS) 39S o7]H Fha ANTIE HED AT, 20009 o5 FER
Fo A Hure] ok F AMFIE GetE Ak ST TF 20139 W
depujul F =mdEgo| A 2013¢ ZF= A9k Carnival Triumph &7b ek %
RRol AMFE geEol, AR MHAL G WY ol AR F Auw
FEF Aast TSk

O Signal Ship Regoir
Collision

Fig. 24 Accident of carnival triumph
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Aure] Aok F AFRAAY ARE 93, AMF H5(AE) Fut B
Aol i, Fulel AR AXHE AMFE 3145 o] AU weh A
Yoz MAFL Ytk Leu 3A HAHo| & FU AMFAA B
R A% A% BE A A A ol $H 2220 B

o] ANF fABYE ﬂm AT WU D GG BEE S ko] v
97 gko} ANF 4 352 2
Sl wAsE Aow BamE,

33 AXF 74 SA

328 & Adsh ol Azl Aol wet
glom, oo weh BA WNE ANFE A u
s, 9ol FAF ZHskel ANF R4S S

T AZEe FIAFRSER WG BFY FUSEe} FuirkEst At F

Table 28 Specifications of ultrasonic thickness gauge

AR 850+ =3 T AZ7I

=2 9 1.2~225.0mm(steel)
R +(1%0.)mm
L 1000~9999m/s
2% (<100)0.1mm

Har=AHA ol Z | O 20 *x 3mm(Steel)

TR 5MHz
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sl gtieta Agdl HEo| BE Fmel ANFEFIF ARG on, 3
A AYE Fig. 255 23, FA 2lmme] AMFEIL Fig. 269 o] AMF shx
160mmE FFHE whH kel 425 ek

MANE Bukeh dAe 83dE, ket dae WdEe] AN} &8 F
o At
600 |
375 ‘
T“T
o |
-
.
/ P
21 ’ﬂ 2+ﬁ 52[ 4-52¢ -T—__Eg‘ | $
s e e=] g
AT 4 o .
: z
) BN > . i |
_Wso % 7 \>. 8l
ST — o % T
b S Ty s
3 Apaml: .
o //EK WW |
42 1% ‘ |
120 b 540 |3 =1 ﬂ'%‘ 808
360 360 &
720

Fig. 25 Specifications of Bollard [25T]
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__BOLLARD ‘

25 TON |

BUFFER STOP

B el .

I50!|50X2000L o
\
EDGE PROTEC TION s

t= 9m/m \
E.LE3.0 ™

\

RUBBE FENDER
V-500Hx 2,000L \

\

\

)

‘-\ \\ ANCHOR BOLT

M42 L=850

E.L(VI.B i CAP CON'C
\J =
ELENO : / \
Fig. 26 Drawing of KMOU Wharf
gy A FFY AdFE G e g Fig 273 2o 14719 A
AFo st T4 AZL AAEAA, 147] AXRF F AAF ITHBDAA A
A% BABZIAE FetEolA ALgEHE AXFoM, AdFE THEDAA A
AF UABLH7ZHA Fuitisol A Agste AMFol TiH 81 AMFE @
mhs, @uetsel M Fgo® AMgstL glth
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= #1A= Fig. 283 o] Ao ARY 5o 9=

9 B8 &) A FHE AAs AAF 7€
=
=

A dirA o2 AdFA Fa EFFE ARl AMEH
= Aol ARE sl ALFA ARAES Wl F ) AEEACH,
o

Adutel o7k AdH oz I AFate]l ATl HAdHe 2E&do] i nx

fo o
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Fig. 28 Measuring position of bollard’s thickness
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st Table 299} 2t AT 74]—1
SRS o2 F=w(Port side)¥} = (Stb’d side)ell
A AT 71FAA Feto R EAHFA, 34, ntr F)o] A% HAE =43}

G, BEEHE 71F 10 cm ~ 20 cm EZo]dA A& AASG T

I
>
-y

HN _\E
_I{N'

ANF TAGA HEHOIA 45mme 1 e T/ AZHEYoH, A%
o PultEst BE ALgSE ANFE thae ARl Fg.
Futrkse] AFAte] wjofx & 9ot

iy
o
=2
2
N
k1
%0,
K
W
AN
g
rlo

Table 29 The result of measuring the bollard thickness

7 AS A3 [mm]
Al Port side Stb’d side
@® @ &) @ @ @ &) @
Bl 5.7 6.8 16.0 18.5 6.8 11.0
B2 8.4 8.6 11.7 12.1 7.8 11.0 12.3 18.5
B3 9.0 9.9 6.3 6.6 7.8 9.4
B4 8.8 9.8 12.2 16.3 5.8 6.2 7.6 8.3
B5 6.6 8.1 9.0 5.8 9.8 14.7
B6 9.0 9.8 10.5 5.1 5.6 9.1 11.3
B7 4.5 6.0 6.7 6.8 7.7 7.8 8.5 10.3
B8 6.5 7.5 8.1 9.8 7.3 8.9 9.1 94
B9 11.8 13.4 9.2 9.3
B10 16.6 6.9 7.2
B11l 6.1 8.3 8.3 17.5
B12 6.0 10.6 94 12.7 7.6 10.4 12.3
B13 13.1 14.3 10.8 12.5
Bl4 8.7 15.7 7.0 8.0 8.1 10.0
— 45 —
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Fig. 29 Mooring ropes status of No.7 bollardKMOU wharf)

e Fista A
2] Aol me 24 5
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s 77 4ol AR 31de| A5 BV 2
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st ok
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A4 AdF 39 £ F=E HIt

4.1 ALF Q%5 A7t 7€

o

Aol Mdutel] oJgh Hlgo] 2-gatA HW 4 e £F koA
sto] WASHA H a1, ol FHYA Y ugt AT T2 o] I
AeHA et w393 HH, FHE el AT ges A= HAd
Hol TG mEtA ATl @ Hel wet ¥ -3¥Bending Stress)o] T
sk, Aag o] wel A-g-go)(Shearing Stress) o] TAYsH FEZTS %
HatA =W g, Ao, geho] HASHA "o

{
N

oo wet AMFel AW 8 FH| ME FES} AXT I
of AMFY H¥e WAL B G e ANT S
Bk Nz Agstanh

411 A= ZA 574

Aol e 3 3
7] Sistel Ao we A
g golstel 7 geo w

JE
_‘Y:l‘
2
v
o~ OlO
LI

=W AT AEE Fnk R o HAV|E - 20144 KS D 3710 &
&7 @FeE A4St dom. T34k 4 004 SF490A9} SF540AC &
T25™ [3], I & SF490A(SF45A)C. 2 AldF7F A=l ok SF490A2] A
24 AEe vh 05% ©lste gaZom HAAIEPSE (F)E= 245 Mpa
(2,498kgf/cm2) o] .

SF490A°] $HA] HolA el FHAEE 4HE87] st S3SHA dE] ol A 9
g8y gl g AFATE
ERE AAY AFAT @A ol di AdAT (o) Aol it A
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M, .«=V,Xb+ VyXh 2

< 4, 94, d, W, D=d,—d, =4

AdTFE 989 dis 7 AAZE 98 G HoE S8 AXdF &
&3l= FHo 3 EWE dPe] THAITE Yo =S Ha, ¥ o
HATE 948 dHY A WAEY 2o ol FAL AMAgel vl#EH T

4) HA& 2QFAFAG,) - A (D& "oz AT 2gst= 3 582
3 EHEVL Fd3gr 7EAE ul dHA ol Wl sk A H i, dHAs=
EA wel WslelA @ o|ln] AT WE2 WslekA 23 9N W
s, 97o] W Al FA7E ZastA B wlEe & $¥o] A& IEAE
o EEste FAE HA 28R AFAZ AESI AAFY Ae SAE A=
SHETH o mE Ho FEAZ E=EsiA He 94 AAE g9 4 @)
E o]&3sty 4tEstar, W Ao xel AWl HAFoE HA AQAAFAE
2l (5} o] Hrhg.

o Mimax 32 5
d > 2Zrd) 4)
' \/@f'Fy :
t = dl;dQ (5)

4122 ALY 7}

AXFo] Zgsl= ATL= (Shearing Stress)S 2] 6) ~ ()02 HIAHH,
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4.2 #& 33 4
4.2.1 3F(Bollard) 3}

Fuel A AR 8 A
A5 ot 2,

Fig. 30 Bollard section

Table 30 Specifications of bollard

Collection @ kmou

[UNIT/mm)]
CAPACITY BODY
[t] D A H H1 H2 H3 T
5 150 300 380 30 60 170 20
10 200 400 480 40 70 210 20
15 250 500 580 50 80 250 20
25 300 600 690 65 95 290 21
35 300 600 690 65 95 290 25
50 350 700 780 70 100 330 29
70 400 800 900 90 120 370 33
100 450 900 990 95 125 410 39
150 550 1,100 | 1,260 120 145 490 49
5] -




Table 31 =ujdl] AXHE AT F&3te= AdEHS

g3 7 39 st FgHoz BAF Aot

Table 31 Working load of bollard

CAPACITY [t] 5 10 | 15 | 25 | 35 | 50 | 70 | 100 | 150
A2 W7 (d, )Nmm) 110 | 160 | 210 | 258 | 250 | 292 | 334 | 372 | 450
Ad g2 217 (d, )Nmm) 150 | 200 | 250 | 300 | 300 | 350 | 400 | 450 | 550

T 284 (h(mm) 140 | 170 | 200 | 230 | 230 | 260 | 260 | 320 | 390
28 39 (v, )KN) 50 | 100 | 150 | 250 | 350 | 500 | 700 | 1000 | 1500
7219 284 (p)(mm) 100 | 125 | 150 | 175 | 175 | 200 | 255 | 250 | 300
2Hg A8 (v, )KN) 50 | 100 | 150 | 250 | 350 | 500 | 700 | 1000 | 1500

4.2.2 Z3Mooring post) A

Fueld Az 2 AHD Qi AuHd ANF AT BREel ZHel

A5e e 2
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Fig. 31 Mooring post section

Table 32 Specifications of mooring post

[UNIT/mm)]
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Table 3394 = =uol] A" ALF A&t AIdHLS AF 14
=

%, #4893 74 9 &5 Ao
28 g Hduto g ALHAn. dHE 22 49 FF9 vluste 50
EY AF FFe FEEH 49 BT 5020 AEHY, AT FHEYL2 50
=, T4E L2 25F0] A8HEy
Table 33 Working load of mooring post
CAPACITY [t] 15 25 | 35 | 50 | 70 | 100 | 150 | 200

Aol WA, mm) | 210 | 260 | 260 | 296 | 340 | 380 | 475 | 650
AT 274 (¢, )mm) | 250 | 300 | 300 | 350 | 400 | 450 | 550 | 736
9 284 (h)(mm) 225 | 260 | 260 | 295 | 330 | 360 | 410 | 500
kg FEH (v, IEN) 150 | 250 | 350 | 500 | 700 | 1000 | 1500 | 2000
29 284 0)Xmm) 150 | 175 | 175 | 200 | 225 | 250 | 300 | 393
2Hg A E (v, )KN) 75 | 125 | 175 | 250 | 350 | 500 | 750 | 1000

4.27800 A BAF =59} Ao Al Al B FA4E AJdgel i sks 2
&4 2 FAgstFge vgeE, AdF 4% 3 $HA ddsHEe Hristd
AT QAN T2 HA FJEAE9 vHlw BAS T}

go W3 Ar) BHES} WA AEH3, WL FsS 742 15EA 15057
o) Wl As}, 15804 10084 AFE 2Fe| Hr) wlEe] of 85% F7O%
£ =l
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Table 34 Maximum moment of bollards

Bollard Mooring Post
CAPACITY [t] M., [kNI] CAPACITY [t] M., [kNI]
5 12,000 - -
10 29,500 - -
15 52,500 15 45,000
25 101,250 25 86,875
35 141,750 35 121,625
50 230,000 50 197,500
70 360,500 70 309,750
100 570,000 100 485,000
150 1,035,000 150 840,000
- - 200 1,393,000
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® Mooring Post
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Fig. 32 Maximum moment of bollards

A7k 2ol vlste] e FANA W@ A 2F diul AFe] F gL 159
25E 0 A= 86%2 89%=, 50=oA 150ENA = 91% ~ 99%=, FUido=z 3 &4

o] WA A& Ho, HEAME AFTE FF00 vistq 3 o] = AEH
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Table 35 Bending Stress of mooring bollards

Bollard Mooring Post =
CAPACITY
» AAEA | B9 | AAFA | ¥ Y Hl 2l
[mm] [Mpal [mm] [Mpal (2 =/5)
5 20 59.80 -
10 20 76.97 -
15 20 84.03 20 72.02 86%
25 21 104.95 20 93.90 89%
35 25 126.93 20 131.45 103%
50 29 130.31 27 118.75 91%
70 33 129.32 30 127.75 99%
100 39 146.44 35 136.26 93%
150 49 142.40 40 136.78 96%
200 - 43 114.37
Fig. 339} o] =59} B 3 &Yool B 7R dAF AF e o] F
7} 3tk B 8 FFE= 100=0)A4 146,55 Mpaz FHtholw, 150=A 142.40
MpaZ Zragth 3= 150E0) 4 136.78 Mpa® Htlolm, 200=e]A 114.37 Mpa

s 3 Ha F5 A= oy

A 52% =

o] A% 1584 35E7HA

56%(150=0ll A1 56%)% g7}t
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)
—

o1

1@ Kmou

A

= T =

S5ENA 3= TA7HA 24%l
7k, 35 °olF 52% ~ 60%(150E=°lA 60%)= H7H=E ATt A5
29%°1 4 54%= F7}shH, 3B/E o]F 48%
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Fig. 33 Bending Stress of mooring bollards
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=
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Table 36 Shearing Stress of mooring bollards

Bollard Mooring Post Ao
CAPACITY
- AASA | Ay | AATA | Awsd Hl =l
[mm] [Mpal [mm] [Mpal (2 =/5)

) 20 12.24 -

10 20 17.68 -

15 20 20.76 20 20.76 100%
25 21 27.16 20 28.42 105%
35 25 31.41 20 39.79 127%
50 29 34.19 27 36.5 107%
70 33 36.80 30 40.15 109%
100 39 39.72 35 43.83 110%
150 49 38.90 40 46.81 120%
200 43 42.73

Fig. 343} Zo] 358} 25 BT 3 IFHY FARH] A= o] B /A
Ay et 2ol F7F gk ASEEe F5= 100=4] 37.72 Mpaz Hojo]H,
1502041 3890 Mpa® Zragith 2= 1508014 46.81 Mpa® FHdlo|H, 200=
ol A 42.73 MpaZ 743t}

Agggo] gt HA FE Zx il FF5 S5EA 3B5ES F47A 24%
oA 52%= F7FetH, 35F °|F 52% ~ 60%(150=°A 60%)= B7l= ATt 2
Fo BF 15EoA 35E7HA 29%N A 54%= F7EekH, 35% olF 48% ~
56%(150=0ll A1 56%)% g7}t
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® Mooring Post

250k e o o o o e o o o o o o o o o S
Limit

200

150

100

Shearing Stress [Mpa]

o
o3

0 50 100 150 200
CAPACITY [ton]

Fig. 34 Shearing Stress of mooring bollards

AXF Agshs 8L AT 45 2% 3 §¥ (Bending Stress)o]
5% (Shearing Stress) Rtk =7 H7IEAL. olgjs Aate= ¥ 89 ¢ 2
EHoA Y FHHo] By vHHY, AHeH S F3ET ugdd o
2} 2ot ol Zadtal, 1o mEt A8 §¥o] WA A=HY] wEolth

Table 37, Fig. 353 ol AT 2§ ¢4 ¥ $93 APgy BT BHE
o FEAA YAHSA F7} S, BE o Fo TroldE AF W Uel &
g o= BHUL ol BES FFAA AL YPsH BE o] F A

7} LA S7hol et 3/F ol Fo X oA o] U H WellM &

F ¥ A$ FFE 5EONA 3BE FA7A 59.8Mpacl A 126.93Mpaz
S7FetH, 35& ﬂ? 130 ~ 150Mpa2] 9] W4 H 100-=<lA 146.44Mpa
B E A DG 5ENA 3BES FA7A 1224004 31.4Mpaz ZF7}3)
31, 35% ©]% 30 ~ 40Mpa®] el WA Hh 100Eel 4 39.72Mpaz % 7hH= A

o
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Table 37 Stress of bollard

CAPACITY [ton] A A 5 A lmm] &89 [Mpal 3 -3-#[Mpal
5 20 12.24 59.80
10 20 17.68 76.97
15 20 20.76 84.03
25 21 27.16 104.95
35 25 31.41 126.93
50 29 34.19 130.31
70 33 36.80 129.32

100 39 39.72 146.44
150 49 38.90 142.40
®  Bending Stress
® Shearing Stress|
160 - |
150 e
140 4 u
130 g . (]
120 !
110 !
100 .
S 90
=. 80 - §
g 704
2 60 |
@ 50
40 i
50 ] . . ° ® L .
20 °® |
10
0-l T — T v LI T T T T T
20 40 60 80 100 120 140 160
Capacity [ton]

Fig. 35 Stress of bollard
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Table 38, Fig. 363} #Zo] AT 2&

[e)
o
oF FLsA 3BEL AF7A dASA FI4eHaL, HE o] F2 HFdA= o
El'-_

3 S8 A$ AFE 15E0A 3BEL 7774 72.0Mpac A 131.45Mpaz
Z713tH, 35% o]% 110Mpa ~ 140Mpae] WA Htl 150=0A4
136.78MpaZ H7}=E Uttt ATeHe 1584 A 3589 FA71A 20.8Mpacl Al
39.8Mpa® Z7}slM 358 o]% 30Mpa ~ 50Mpae] WUl Hh 150F o)A
46.81Mpaz H7} o}

2

ARt o g e A9 AFo FFAANE F SHe 77 dEsEHE F
F7F =7 YElgH.
Table 38 Stress of mooring post
CAPACITY [t] A A 57| [mm] -2 [Mpal 3 -3-=[Mpal
15 20 20.76 72.02
25 20 28.42 93.9
35 20 39.79 131.45
50 27 36.5 118.75
70 30 40.15 127.75
100 35 43.83 136.26
150 40 46.81 136.78
200 43 42.73 114.37
— 69 —
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B Bending Stress
® Shearing Stress|
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130 L -
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60 :
50 1 ®
40 ] ' ®
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10 4 :
O4+——7—1T—V7T 7T T T T T T T T T
0O 20 40 60 80 100 120 140 160 180 200 220

Stress [Mpa]

Capacity [ton]

Fig. 36 Stress of mooring post
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e FAE A 7 H7ME st 4 FAE v 2ol A AT
1) 2A %7 (Desinged thickness, t,) : AXNF A2 A 74 ¥ Ao wpet
AR FA

2) A4 292 7ZAFAMinimum thickness, ¢,) : 28 $8 ¥ H& FEAT
o Egste FAR A% Al =Este T

3) dA FA(Current thickness, t.) : AlZke] 7ol whel &Aool e HX|
FENe] FAZ AA FACAAM ALY Al wE FALE

4) 3&7ts £ FA(Allowable thickness, t,) : A FANA HA 2e Z
AFANA ZG Yo mE AT ATt FAHE &4 7T T

4.4.1 Z5Bollard)e] H4& FAFA 44

b
{5
)

2ol AYEE B U Aol #A FEAE 245Mpac] £ o
Az 28 FATAGIE 2 @F A ®)2 Fobel 243 Aw, AT A9

2 38 e &4 AAFACIE 4 5HAH

2zo $Hd Ha FAFAS HE A5 E4 BAEAE
Table 399} 231 Iubyg oz HF9] Al del 7o wet ZQ3k HA
o delx @ $¥ol Aesee Hstel = Aol Wt W
2 Ak 28 ZATAL 2GS e TARG 2 24
%a of e Az 298 FAFAY MLE FHe] HE s

38 ThEst &4 AAFAE A4S EE S5EAA HEZFA 13mmel A
10mm=Z ZH43kal 358 o]F 12mmeolA 14mm Abo]2 EFRIF it} o9} e
A= BES FFAA 10mm=E &8 7hs3 &4 AA FAE 7V A H

=AM 3BbEZMA AAFAE bmm FIlstY HA A8 A
7= Tmmol A 15mmE 8mm Z7}38F w Fo]t}
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Table 39 Minimum thickness for yield strength (bollard)

[UNIT/mm)]
CAPACITY | e ) HAe 28 AAFAG,) e 7=
[t] 3 %9 Age &2 FAG,)
5 20 7 2 13
10 20 8 2 12
15 20 8 2 12
25 21 10 3 11
35 25 15 4 10
50 29 17 4 12
70 33 19 6 14
100 39 26 7 13
150 49 31 9 14

7o) AATAGY 3 Y 9 s
shwl Fig. 37 2tk 9 $Ho @ HA &
# 521% ABSHe] e Ai 28 PAFAL AATA byl B 143%E
BAEY A9eHe) BE Ax &

2 459k
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—=— QOriginal
- @ —Bending Stress
35t - -A- - Shearing stress

Thickness [mm]}

Capacity [ton]

Fig. 37 Minimum thickness for yield strength (Bollard)

4.4.2 FFMooring post)e] & ZAFA A3

Az Aguz ¥ Sun vl 37 FBAE 245Mpac
70

s
FATAE 4 @O A @2 Bt AR, A

t Fha

ol WE Ha &8 AT AHSHel B2 FARG A B HUT
M7 TS B Sl e A 20 FATA vaE Bie] H§ 5D
£2 BAEAL BARAG. HE FsP £ FATAE B4 BE 15E

A 35ENA 13mmolA 8mm= A3}
2lmme F7pakieh. olek e A= 3
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&4 BAA FAZE 7P AA BIrE AL, 15ENA 3B5E7HA AAFAZE 20mm
2 sty HA A28 FA FAE Tmmol A 12mmE 4mm F7HgF W Eolt.
Table 40 Minimum thickness for yield strength (mooring post)
[UNIT/mm)]
CAPACITY |y e o) HAe 28 AAFAG,) e 7
[t] 2 &4 ey &4 FAG:,)
15 20 7 2 13
25 20 9 3 11
35 20 12 4 8
50 27 15 5 12
70 30 17 6 13
100 35 21 7 14
150 40 24 9 16
200 43 22 8 21

H7o) AATASL B S8 D Adse
s Fig. 38% 2th 9 ¢ wE Ha &
F 529%, Asel ME Hi &
BAEU Augdel BE Ha
= 24590

b o
oy
)
<
S,
rlr
i
)
<
)
)
R
ol
4
—
(o]
—
X
fru
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m— Original
#- -Bending Stress
- A-- Shearing stress

% 35t
/l
) /I
/.
T 30 .
S -
P / L
T il
200 m—m .
£ .
L -
= .
10 P PO A N
X LA PUBISORE
A
0

o] 20 40 60 80 100 120 140 160 180 200
Capacity [ton]

Fig. 38 Minimum thickness for yield strength (mooring post)

4.5 Hd & AUH

Vi =245 < 7 < (d,* — d,*) /32(b+ 1) (10)

® b FAE 284 mml, h $¥Y 484 m] (BFE 12 28

d, 9174 [mml], 4, W7 [mm]
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VT'U

>

s

10 ©]

= 245 X m X (dF — dy?) / (4 X 2)

7¢18S Table 419} Fig.

, dy 974 [mm], d, W73 [mm]

g3kel § S¥ol mE Hzx FEPE
2ol gHkg o,
Wl AA AL Y F Sl hE Ao g A wge
a3hg e,

3954

245Mpa°ll =23k
Al

o

(12)

e

=
P

b3 g g Ay sl Adgol
 2188%2 BEAHUT. HFo] 2o w5}
Aglgo] AEHF oL} BE

[‘

CAPACITYTt] J:__j% X%%
=7 [mm] | o& AAEM] | $7) [mm] | & A
5 20 20 -
10 20 31 -
15 20 43 20 51
25 21 58 20 65
35 25 67 20 65
50 29 94 27 103
70 33 124 30 134
100 39 167 35 179
150 49 262 40 254
200 - 43 428
o -
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e Bollard
A Mooring Post

*

Limit (100%)

50 s "

G 50 100 150 200
CAPACITY [ton]

Fig. 39 Maximum Tractive force on mooring bollards by bending stress

A1 & Table 433} Fig.413} o] BASIT. AT w+44¥ 71+ A
el A A A dE-gHol] mE Hof 58 ddY HE&2 gutd o=
o] F7tel wel FZASAT FFE 4 dinl AA AY Y AGS
58 gl HF 983.7%=E EAFHANSH AF= H 694.7%

1

£
Mo N o1® e

o
olN
N
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Table 42 Maximum tractive force on mooring bollards by shearing stress

=T 4%
CAPACITYIt] ] ‘
57 [mm] | 84 AW | FA [mm) | 514 A0
5 20 100 -
10 20 138 -
15 20 177 20 77
25 21 995 20 215
35 25 264 20 215
50 29 358 o7 235
o 5 466 30 427
100 39 616 35 -
150 49 962 10 729
20 y 43 1146
® Bollard
A  Mooring Post
1200
A
1000
[ ]
g 800) .
g ®
é 600 .
j0]
£ 400 2
© 2
a 200 . L — o
¢ e Limit (100%)
I
Y 50 100 150 I
CAPACITY [ton]

Fig. 40 Maximum Tractive force on mooring bollards by shearing stress
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AXFol g &8 24
w2t S wne 8 A<
of Aesgeinl 3 Sl fer
AT A9 Ha 253%=

4.6 FHo) mE AQF FA &4 2 4% £4

AT 45e AAY] WE 4§ Y $Y} AWSHOT 4384 7
e Ash AAAUNA AegH WE Hi FRPE oshz BHHYCL
e AAAQAM AMFE wFste] mek AMFE A o] WAL,
S £40] ME BEAe] ZaE 4§ S| /A H| Ha FEPE
getAl fek ol @ ANTe) H2 FEAE = SRS 4-440)
Hatga, AT FA S4el thstel A4AH B2 AT 9% wh

nao] wE AMFE A £4E BRI S5 AnF AP BARLE
el AAH BAeg ol gske] MA F ATste] AT FA WE 24
shsich

A WEkE BN fistel AMFIE AAHE FUAL 54 o o
Fol e AAH R4 ES 7122 o] JFS Fig 419 2ol 579 o
2 ®F shdn
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- Dolphin, Wharf, Jetty, Etc

Port Facilities

Atmosphere zone

Fig. 41 Corrosion zone

Splash Zone

Tidal Zone
Immersion Zone

Subsoil Zone

High Tide
Low Tide

Table 4394 A2j¥ 5719

Gl

oju
0

pld
Uo

B

)
NF-

A+ Splash zone$} af<+9

Table 43 Classification of corrosion zone
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of

ko

NS Sk sl F

GFA A <
Sold AA] sFFI [29], P. Osorio(2010) 52 ol g7} Fst=rolA ti7] =
=4 ARE AASIY [30], dFEAHE B35l Table 459 o] Splash

zone¥} Atmosphere zone A2l BA4&& =&3AUT

g8 =%

Table 44 Corrosion rate of carbon Steel

[mm/y]
T Bl % <k dotzelrt &3k
Atmosphere 0.178 0.245
Splash 0.555
Mean tidal 0.366
Full immersion 0.231

AT AAE Hrigk A, AXF AA H28-S Splash zoneﬂr Atmosphere
zoneo] ¥-2A&2 the-3 2t} Atmosphere zoned] A4 F-218-2 0.178 [mm/y]

o]™, Splash zone¢] AA F-2A1&-2 0.555mm/yo] .

Table 452 9] A F2lo] &gt 724 7|71S 43 AS= JH2A 7|72
448 A Aot AldTe Hel FAHE &4 715 AAFAY
EAFAR)S] A FAE 7|22 BTS20, B4 A HEY

Fo| 4 Atmosphere zoneol| A4 56.2'3 Splash zonedlA 18.0d o2 714 #2

=
%24 7)zb0] ] S e
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Table 45 Estimated corrosion period of bollard

Al =]

u|J

# 2

5 10 15 25 | 35 50 | 70 | 100 | 150

AAFA [mml] 20 1 20 | 20 | 21 | 25 29 33 39 | 49

HAx 28 AT

7.0 8.0 8.0 | 10.0 | 15.0 | 17.0 | 19.0 | 26.0 | 31.0
[mm]

587 EAFA

13.0 | 120 | 12.0 | 11.0 | 10.0 | 12.0 | 14.0 | 13.0 | 17.0
[mm]

Atmosphere zone

A A7 [y] 73.0 | 674 | 674 | 61.8 | 56.2 | 67.4 | 78.7 | 73 | 95.5

Splash zone

2 A7 [y] 234 | 216 | 21.6°| 19.8 | 18.0 | 21.6 | 25.2 | 23.4 | 30.6

Fig- 420] F-27]12F A A} FF 3BEAA M AS T4 7|3te] 9 S5H
o, o’ A= SECIM HES] FFoAA ASIHA mE & Tt
6‘011 et A= SRS F13 HE &8 AAFAZE dmm S = AA 5
7F dmm W Frfste} BEANA EL7Es FAFAZE 10mmE Ha7F A O
of wel F27]3ko] HAE HVMHAY. 53] Splash zoneollA 35E2] HF=
18 o2 It Fe 228902 24 =T
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'm Atmospherd
| ® Splash

100 - 35¢
90
80 -

70

50
40

30 ®

Corrosion period [y}

20-: e o L

10 5

0 T T — 1 T T \ T i T T T T T T 1
0 20 40 60 80 100 120 140 160
Bollard [ton]

Fig. 42 Estimated corrosion period of bollard

Table 6ollA =F9 FLaAl 2 Fo A F2Ao) o3 H2 73E& oS3}
Ao} 35=2] A S|4 Atmosphere zoneol| 4| 44.9'd Splash zoneoll A 14.4'd S
A

2)
2 7 #2 F4 713e] dS5F 3.

Table 46 Estimated corrosion period of mooring post

Al 2 5(Ton)

15 ) 25 | 35 | 50 | 70 | 100 | 150 | 200

AA A [mml] 20 | 20 | 20 | 27 | 30 | 35 | 40 43

Ha A8 ZAAFA mml| 7 9 12 | 15 | 17 | 21 | 24 22

5&7s EA4F mm] | 13 | 11 8 12 | 13 | 14 | 16 19
€

73.0 | 61.8 | 449 | 674 | 73 | 78.7 | 89.9 | 106.7

Splash zone

B 7170 [y] 2341198 | 144 | 216 | 234 | 25.2 | 28.8 | 34.2
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=

Fig. 439] #2717t R4 Ax}t 23 3580|A 7P e 22 7|7to] o =5
Rom, ol Ay 15\olA 3BEL AFolA AdH w2 2§ o]

743t W AE R 93 Ha 20 ZAAFAIF 5mm SV AT
A7) FUde] BENA £A7S AATAZ SmmE H4A7F "Dk 14 wkek
B2 7)zke] HAR H7rE ). £3] Splash zoned| Al 3589 AF 144do=

HrE Y, HH 23.8d0 2 BEAEYT

n o

B Atmosphere|
@® Splash
120 35¢
n
100
-
= 80 .
o ] -
kel >
& &0 u
fony
2
W a
2 40
) ©
O .
]
20 ® e « *
L J
20 40 60 B0 100 120 140 160 780 200
Mooring post [ton]

Fig. 43 Estimated corrosion period of mooring post

462 ARQF A FA &4 HIL

Do) e ANFY FA £4 Hrkel Qo] ANF Aol WE A 24
F R4S BW FA £4

25 ALste] Az AlA
stal, AT Ax] 713te] WE T £4& B
1) A7+ AlAF F2] (Corrosion of bollard per year, ¢, [mm) : AlAFo] A

B FA EAS Brke] A% AT AAe] ARt FAem AA F AR
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Cy=Cxa <t, (12)
@ C o AE 7
a @ AF2tel % wie 587 EAFA

2) AXF2] A H-2] (Natural corrosion of bollard, ¢, [mm/y]) : 4.6.14 ol A
A% AdF A mE AAFAoR AdF AX A9 sige Gk
w2} Atmosphere zoneo] #21& (¢, : 9%t 0.178 mm)3} Splash zoneo] A+
BA8(C, : A7 0.555 mm)Z F7FE o)

3 ARl o7 v (o) ¢ AEE2 FFol ] fske ARAe A
Foll adtetAl =™ ol AlFAtel ofste Aol whEzh ‘3"30}711 J2. o
23 AlFArel o3 viRE Fig 449k oA A, A7l o) Aol 2835t
© Adg e =27, A AAdF nErEE AT 5, AR AlFAol aubE
o e 71t T BT B wet AdF F7ER Q] v BT o
ek AlFatel ot vir= 44" A Bt FA 7l wE ZAFAG)
A AAFAGIEA L] A AT EAE FAC AALdFTE AAE B9

AT AARA ()& Fhel 4 (139 2o] AETh

(13)
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Fig. 44 Using environment of mooring post and bollard

4) AXF B2 713F o= (Period of estimated corrosion , ¢, [yD : AXF2
Ha 28 ZAAFAGINMAY BAFAG) == AFAGIANAL AXTF H

A FH B 1% 5L 4 (99} 2o] HEFh

t;—t
Ce: d m (14)

tg  AAFA, 1, HE 28 FFAFA

A A3 AFAl 2%t mRE Hristr] flsted 33 Ao S i
AfFA BF AXT AlE A<l Table 299 AATE HA AS FAE v
o2 k2% AAF A FAGIEA S AE A FA e Blaste] 4

—|—‘

Table 482 AMFE AZ A% F A& TAS MO Ay T4 &4
A A W7 FHES HET Aotk 4F A3} 83w HAA 14
A9 ATl A 0.347Tmm ~ 0.485mme] F-2lo] SRIEUA, 7TH AldFol A
A H) 049mme] FAH O AF A Pih AUk 0] A
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=

A= A

J {

dutths B5o AMFE 0378 ~ 0.556mme Az Huo) F2]o]
A Az A 0.556mme] F-2)o] AEE A

sttt BFrh duets RERRT A3 Ho T4 A0 A AAEENL
o, 4oz FAHE ofr= AA o Adute] R Zolz, IngE(G/T
6,686)7F et S(G/T 3,738)ll Hlste] thy ol wheba] Adupel ofsf =83}
= Aol o AstAl A&l wek AlFAel o wimrt 3, 8 FF
27} duitts B57F dhyetse] RFHT upged X ghel| wel 4] o
ol o & Aoz BAHU

1

o
T

.

Table 47 Maximum corrosion per year of the bollard thickness at KMOU

wharf
= = | 2y = A Az
PPN IR S O S A
[mm] RS
[mm] [mm] [mm/y]
Bl 21 1983 5.7 15.3 0.450
B2 21 1983 7.8 13.2 0.388
B3 21 1983 6.3 14.7 0.432
B4 21 1983 5.8 15.2 0.447
B5 21 1983 5.8 15.2 0.447
B6 21 1983 5.1 15.9 0.468
B7 21 1983 4.5 16.5 0.485
B8 21 1983 6.5 14.5 0.426
B9 21 1983 9.2 11.8 0.347
B10 21 1990 6.9 14.1 0.522
B11 21 1990 6.1 14.9 0.552
B12 21 1990 6.0 15.0 0.556
B13 21 1990 10.8 10.2 0.378
B14 21 1990 7.0 14.0 0.519
— 30 —
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dFsFistn A R ANF Ha FAS vgos 42% Ay o
7 WE RAe PAAIE Fg 359 Zom, RE ANFY FFL g
0.456mme] £A2 EAEYT, Tietsnt BEo R Agste AMFEe BT
& A% 0.438mm, Bietse} Pulnisrt FEoR Agse AMFEe] B

styels H5Fo] H9 69 AXFAANA AZF 0.468mm, FHHITIE S} FEHORE
AgstE 7 AMFA Az 0.458mm, SHulthE BT 10w Az
0.522mm, 11 AZF 0.552mm, 12¥ AZF 0.556mm, 14 <AZF 0.519mm= 3+

oo Hajo] HrhE e,

Hannara Hanbada

0.6 0.5520 556
= 052 0519
£ 0 0.447 0.
= 0.432 0.447 Average
sg D 365 i 0.456 [mm/y]
> 0.4
B
o
So
B
S :
-
3
£ 0.1
©
=

0.0%8 T B8 B9 B10 B11 B

Bollard

Fig. 45 Maximum corrosion per year of the bollard thickness at KMOU wharf

2 AFoAME S diistny AsA FF FA AS wE A3k A
Al &4 0556mm/y ¢ Atmosphere zoneo] A FAE(c,)%0 0.178mmly,
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Splash zone<¢] =}
o| Al AlFAtel o3 nfrge QF 3.122 Splash zone ¢F 12 B =T

re
e
1>
o
39
o
U‘I
(@]]
(@)
=)
2
~<
ihd
i)
>
=g
=)
2
i)
=
™
=
@
N
o
=]
™

2 ATY AAdFY F4 (Cp2 A 0.556mm/y= Ao At maka AT
o] s&7ts EAFAY H4 FA 7S AXb 0.556mmfy & FA EHI
Table 489 AT AYUE s&7ls SLAFAE 7|22 Table 499 #o] A

F AA F 4 7)zke] HrhEh

Table 48 Acceptable loss thickness of mooring bollards

o o# 518715 &4 FAmm]
=5 2 5

5 13

10 12

15 12 13
25 11 11
35 10 8
50 12 12
70 14 13
100 13 14
150 17 16
200 19

Table 49 Minimum Period of Estimated corrosion

CAPACITY [t] 5 10 | 15 | 25 | 35 | 50 | 70 | 100 | 150 | 200

B | ®F 234216 21.6|198 18 |21.6 252 234 306 -
71yl | == | - - 1234198 | 144 |216| 234|252 288|342
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Fig. 46 Maximum tractive force of bollard every five years
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Table 51 Maximum Tractive force of Mooring Post Every five years

CAPACITY [t] . . A a_% Zﬂ(ﬂa_[t] n .

5d & | 10d = | 159 &= | 20d = | 259 ¥ | 30 &+
15 42 35 27 20 13 7
25 95 45 35 26 18 9
35 95 45 35 26 18 9
50 90 79 67 96 45 35
70 119 106 92 79 66 4
100 163 147 131 116 101 86
150 232 211 191 171 151 132
200 397 367 337 307 278 249

— 84 —

Collection @ kmou



Fig. 472 wj 5d ¥ Ao #A4¥ A 58 AdHez, 42 7|F iy
Aol A &g Adge] 59 F HF 190%01H 30d FollE= 69%= B

—— S year
—— 10year
350 —— 15 year
—— 20 year
— 309 —— 25year
= —— 30 year
g 250 y
L
L 200
S
g Limit (100%)
= 150
£
£
£ 100
©
=
50
0
0 50 700 150 200
Capacity [t}

Fig. 47 Maximum Tractive force of Mooring Post Every five years
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Table 53 Standards for thickness of mooring post

capacrty (1| ST A a8 87k | 4 AT

mm] | ZAFA mm] | &85 [mm] [mm]
15 20 7 13 8.4
2 20 9 11 108
3 20 12 8 14.4
50 27 15 12 18
70 30 17 13 20.4
100 35 21 14 25.2
150 40 24 16 288
200 43 22 21 26.4

Fig. 48 ~ 49 AXNZ
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Fig. 48 Thickness standard of bollard
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